A series of oxazolidinone-based strobilurin analogues were efficiently synthesized by the reaction of 3-(2-bromomethylphenyl)oxazolidin-2-one with 1-substituted phenyl-2H-pyrazolin-3-one. Their structures were confirmed and characterized by 1 H-NMR, 13 C-NMR, elemental analysis, and mass spectroscopy. In addition, the crystal structure of the target compound 3-(2-((1-phenyl-2H-pyrazol-3-yloxy)methyl)phenyl) oxazolidin-2-one was determined by single crystal X-ray diffraction. The bioassay results of these compounds indicated that some of the oxazolidin-2-one derivatives containing N-substituted phenyl 2H-pyrazol ring exhibited potential in vivo fungicidal activities against M. grisea at the dosage of 1 g L -1
Pyraclostrobin

9a-9l
Introduction
Strobilurin fungicides are nowadays among the most important fungicides in the market of active agrochemicals. [1] [2] [3] [4] Since 1996 the first strobilurin product commercialized, a mass of synthetic derivatives of the strobilurin family have been prepared and investigated. [5] [6] [7] [8] [9] Pyraclostrobin (Fig. 1) , an excellent representative of methoxycarbamates in this family, has shown a broader antifungal activity spectrum, higher efficiency and security than previous fungicides. 10, 11 However, with a large number of strobilurin fungicides being used, a mass increase of plant pathogens against strobilurin fungicides have occurred.
The strobilurin fungicide inhibits mitochondrial respiration which all have a common mode of action by binding to the Qo site of the cytochrome bc1 complex. 12 Based on modeling of the co-crystal structure with the Qo inhibitor azoxystrobin, binding pocket with amino acids of the cytochrome bc1 enzyme complex showed the carbonyl oxygen moiety of the toxophore may bind with a hydrogen bond to the amide group of glutamine. 13 Famoxadone (Figure 1 ), an excellent representative of oxazolidinediones in strobilurin family, 13 plays a significant role. The bioisosteric relationship identification for the carbonyl group in oxazolidinone ring would seem to be the carbonyl in Famoxadone, and linezolid as the representative of oxazolidinones antibacterial drug approved into market in 2000. So oxazolidinone ring has more potential use in improving biological activities.
ed on an X-4 microscope electrothermal apparatus (Taike China) and were uncorrected. The 1 H-NMR spectra and 13 C-NMR spectra were recorded in CDCl 3 or DMSO-d 6 solution on a Bruker AV 300 or AV 500 NMR spectrophotometer with TMS as the internal standard. Elemental analysis were performed on a Vario EL III elemental analysis instrument and the results were within 0.3% of the calculated value. Mass spectra were recorded with an Agilent 1100 Series LC/MSD Trap SL. X-ray intensity data were recorded on a Nonius CAD4 single crystal diffraction.
General Synthetic Procedure for 4a-4l. Substituted phenyl hydrazine hydrochloride (2a-2l): 18 A solution of NaNO2 (4.77 g, 0.069 mol) in water (20 mL) was added to an ice-cold mixture of substituted aniline in 6 N HCl (100 mL) and stirred for 20 min. The resulted solution was added slowly to a solution of SnCl2·2H2O in 37% HCl solution (250 mL) at -10 o C. The reaction mixture was stirred at -5 o C for 2 h. The crude product was collected by filtration, dissolved in methanol, dried over Na2SO4, filtered, and concentrated. The resulting white solid was washed with diethyl ether and dried under vacuum to obtain compounds. Substituted phenyl hydrazine hydrochlorides were directly used for next step.
1-Substituted pyrazolidin-3-one (3a-3l): 19 0.45 mol of ethyl acrylate are added dropwise at 40 o C -45 o C for 1 h to a mixture of 0.2 mol of sodium methoxide (98%), 50 mL of ethanol, 55 mL of toluene and 0.09 mol of substituted phenyl hydrazine hydrochloride (2a-2l), and the mixture is subsequently stirred for 15 h at 45 o C. The reaction mixture is evaporated to 40 mL and the residue is taken up in sufficient water. The resulting mixture was washed a number of times with toluene and the combined organic phases were extracted with 5% NaOH solution. The combined aqueous phases were adjusted to a pH of 6.5 and cooled to 5 o C. The solid formed was filtered off with suction, washed with water and dried under reduced pressure.
1-Substituted phenyl-2H-pyrazolin-3-one (4a-4l): 19 150 mmol of 1-substituted pyrazolidin-3-one (3a-3l) were dissolved in 100 mL of dimethylformamide and admixed with 2.4 g (0.1 equiv, 15 mmol) of FeCl 3 ·6H 2 O. While passing in air, the mixture was heated to 80 o C, this temperature was held for 4 h and the mixture was stirred for further 12 h without heating. The reaction mixture was poured into water and stirred for 2 h, the precipitate formed was filtered off, washed with water and dried under reduced pressure to got product. 20 A three neck, 250 mL round bottom flask fitted with a mechanical stirrer, dropping funnel, and thermometer was charged with 2-methylaniline (10.7 g, 0.1 mol), dichloromethane (150 mL) and 10% aqueous NaOH solution (44 mL, 1.1 mol). 2-chloroethyl chloroformate (10.8 mL, 0.11 mol) was added dropwise to the vigorously stirred reaction mixture over 20 min maintaining an internal temperature of 25 o C. At the end of the addition, the pH of the aqueous layer was 8. After stirring an additional 15 min, the pH of the aqueous layer (now 5 -6) was adjusted to 11 with 5 mL of 10% aqueous NaOH solution, and the mixture was stirred an additional 4 h at refluxing temperature, monitored by TLC. After cooling to room temperature, the organic layer washed with water (200 mL× 3), dried over MgSO4, filtered and evaporated to afford residue. Yield 98%, white solid, mp 41 -42 
3-(o-Tolyl)oxazolidin-2-one (7):
21 A 250 mL, 3 neck round bottom flask fitted with a thermometer, mechanical stirrer, and dropping funnel was charged with 78.1 g (0.344 mol) of compound 6 and 200 mL of methanol. The white solution was treated with 82.5 mL of 25% methanolic NaOCH 3 , over 5 min maintaining an internal temperature less than 30 o C. After 5 h the reaction mixture was poured into water and extracted with CH 2 Cl 2 (3 × 300 mL). The combined organic extracts were dried over MgSO 4 , filtered and evaporated to afford 62.8 g of 7 as a colorless oil. Yield 95.7%, 3-(2-(Bromomethyl)phenyl)oxazolidin-2-one (8): 22 To the solution of compound 7 (10.46 g, 59.0 mmol) in CCl4 (150 mL) was added N-bromosuccinimide (1 equiv., 10.45 g, 59.0 mmol) and azobisisobutyronitrile (0.1 equiv, 0.97 g, 5.9 mmol). The reaction mixture was stirred and refluxed for 1 h without light then filtered to remove succinimide and washed with brine (100 mL × 3). The organic layer was dried over MgSO 4 , filtered and evaporated to afford residue. The residue was purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 2:1, v/v) to afford 9. 
3-(2-((1-Substituted phenyl-2H-pyrazol-3-yloxy)methyl)
phenyl) oxazolidin-2-one (9a-9l): 23 A mixture of compound 4 (3.0 mmol) and anhydrous K 2 CO 3 (1.5 equiv., 0.63 g, 4.5 mmol) in dry acetone (20 mL) was stirred and refluxed for 1 h. Then, the solution 0.77 g (1.0 equiv, 3.0 mmol) of 8 in dry acetone (20 mL) was added. The mixture was reacted for 12 h at the refluxing temperature. The resulting mixture was cooled to room temperature and filtered. The filtrate was added chloroform (50 mL) and washed with water (2 × 50 mL). The organic layer was dried over MgSO 4 , filtered and evaporated to afford residue which was purified by silica gel column chromatography (eluent: petroleum ether/ethyl acetate = 2:1, v/v) monitoring by TLC. The pure fractions were combined and evaporated to afford the target compounds. The following compounds 9a-9l were prepared according to this procedure. 
3-(2-((1-Phenyl-2H-pyrazol-3-yloxy)methyl)phenyl)oxazolidin-2-one (9a):
Activity is expressed in four categories: (-) < 50%, (+) 51 -70%, (++) 71 -90%, (+++) > 90%. X-ray diffraction crystallography. A suitable single crystal of 9a was obtained by dissolving the compound in ethyl acetate and evaporating the solvent slowly at room temperature for about 10 d. The diffraction data were collected on a Nonius CAD4 single crystal diffractometer equipped with a graphite-mono chromated MoKα radiation (λ = 0.71073 Å) by using an ω/2θ scan mode at 296 K. The crystal structure were solved by the direct method and refined by the full-matrix least-squares procedure on F 2 using SHELXL-97 program. 24 All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were introduced at calculated positions.
3-(2-((1-(2-Bromophenyl)-2H-pyrazol-3-yloxy)methyl) phenyl)oxazolidin-2-one (9h):
3-(2-((1-(4-(Trifluoromethoxy)phenyl)-2H-pyrazol-3-yloxy) methyl)phenyl)oxazolidin-2-one (9i):
3-(2-((1-(4-Fluoro-3-(trifluoromethyl)phenyl)-2H-pyrazol-3-yloxy)methyl)phenyl)oxazolidin-2-one (9k):
Biological assay. The preliminary fungistatic activity of compounds 9a-9l against fungi Gibberella zeae, Rhizoctonia cerealis, Sclerotinia sclerotioru, Botrytis cinerea and Magnaporthe grisea in vitro were measured in a concentration of 10 mg L -1 according to the literature. 25 The in vivo preliminary fungistatic activities of compounds 9a-9l against Sclerotinia sclerotioru, Botrytis cinerea and Magnaporthe grisea were tested in a concentration of 1 g L -1 according to the literature. 26 The results of in vitro and in vivo fungistatic activity were indicated in Table 1 and Table 2 , respectively, compared with the activity of the commercial fungicide pyraclostrobin or carbendazol.
Results and Discussion
Synthesis and characterization. The synthetic route for the target compounds 9a-9l was outlined in Scheme 1. The intermediate 4a-4l were obtained through three steps. Substituted aniline (1a-1l) via diazotization and reduction reaction got substituted phenyl hydrazine hydrochloride (2a-2l), and then 2a-2l reacted with ethyl acrylate in the presence of NaOCH 3 to give 1-substituted pyrazolidin-3-one (3a-3l). Then 3a-3l was oxidized by O2 in the presence of FeCl3·6H2O as catalyst to give the intermediate 1-substituted phenyl-2H-pyrazolin-3-one (4a-4l).
Compounds 1-substituted pyrazolidin-3-one were synthesized according to the method reported in literature, 19 but got lower yields. When we sought to conduct this reaction at a temperature of 30 o C, the desired product 3b was obtained with a yield of 25.6%. When the reaction temperature was further increased to 45 o C, the reaction yield increased to 78.8% by varying the reaction time. Furthermore，under the anhydrous reaction condition, the yield of pyrazolidin-3-one 3b is higher than the hydrous reaction. The detailed yields under different conditions as are listed in Table 3 .
3-o-Tolyloxazolidin-2-one (7) was reacted with N-bromosuccinimide in the presence of azobisisobutyronitrile as an initiator in the CCl 4 solution at reflux temperature without light to give 3-(2-bromomethylphenyl) oxazolidin-2-one (8) . This reaction was a radical reaction, which yield was directly affected by reaction conditions. When the reaction temperature was below the lowest initiating temperature of AIBN, the reaction couldn't start. When the reaction temperature was much higher exceed than the initiating temperature of initiator, the reaction was difficult to control and got low yield. Under the reflux temperature of carbon tetrachloride (74 o C -76 o C), 5 the reaction can be induced well by AIBN. In addition, the dark condition could conducive for this reaction, which yield could increase to 60%.
The target compounds 9a-9l were obtained by the reaction of 3-(2-bromomethylphenyl)oxazolidin-2-one (8) with 1-sub- 
Index range stituted phenyl-2H-pyrazolin-3-one derivatives (4a-4l) in the presence of K2CO3 in the solution of acetone at boiling temperature in good yields between 79.6% -89.0%. The structures of the target compounds 9a-9l were confirmed by elemental analyses, 1 H-NMR, 13 C-NMR and MS spectra. Furthermore, the structure of 9a was revealed by X-ray crystallography to understand the structure-fungicidal activity relationships.
Crystal structure. The crystal structure of 9a was determined by single-crystal X-ray diffraction, which belongs to monoclinic system, P2 1 /C space group with unit cell parameters: a = 17.788 (4) Å, b = 6.0100 (12) Å, c = 16.222 (3) Å, and β = 108.87 (3) o . The detailed crystallographic data for 9a are collected in Table 4 , and the hydrogen bonds were shown in Table 5 .
The single crystal structure and packing diagram of 9a are shown in Figures 2 and Figures 3 . The 2H-pyrazol ring and oxazolidin-2-one ring are twisted 6.04 o and 65.51 o from the plane of the bridge benzene ring (C11 to C16), respectively, whereas the side chain benzene group (C1 to C6) are oriented at a dihedral angles of 22.39 o from the plane of the bridge benzene ring. The intramolecular C-H … N and C-H … O hydrogen bonds (Table 4) , but half of the compounds (9b, 9c, 9e, 9g, 9i, 9k) showed moderate fungicidal activities against M. grisea, the common point of these structures contained electron withdrawing groups. The results showed that molecular structure contained electron withdrawing groups would enhanced the fungicidal activity against M. grisea. It is worth mentioning that the compound 9e containing 3-F group showed a broader antifungal activity spectrum against G. zeae, S. Sclerotioru, B. cinerea and M. grisea in vitro than other compounds.
The fungicidal results of all these compounds in vivo against S. Sclerotioru, B. cinerea and M. grisea were compared with two commercial fungicides pyraclostrobin and carbendazol. As shown in Table 2 , at the concentration of 1g L -1
, none of the compounds showed good fungicidal activity against S. Sclerotioru. Compound 9e showed good fungicidal activities against B. cinerea, the inhibition rate is within 71 -90%. The fungicidal activities against M. grisea of the compounds 9a-9l are influenced by the nature of the R group in phenyl. When R group was H or 2-Cl, compounds 9a and 9g showed higher fungicidal activity, the inhibition rate are within 71 -90%. When R group were 4-Cl, 3-Cl, 3-F, 4-OCF 3 , compounds 9b, 9c, 9e and 9i showed moderate fungicidal activity, and the inhibition rate are within 51 -70%. It is worth to attention that 3-F substituent analogue (9e) showed good fungicidal activities, and the in vivo bioassay results are consistent with the in vitro bioassay results. The reason was speculated that F was a electron withdrawing group which could balanced the HLB value of molecule and increased the systemic of molecule within plant. By contrast, compound 9k represented different results, which showed weak fungicidal activities against S. Sclerotioru, B. cinerea and M. grisea, the inhibition rate is below 50%. It was supposed that 3-CF 3 -4-F substituents in 9k were increased the HLB value of molecule and cut down the systemic of molecule. Another reason would be the steric effect of CF 3 group changed the spatial configuration of molecule. Aimed to enhance the fungicidal activities, analyzed the fungicidal results, a rule has been revealed that balance the HLB value of molecule by modifying the R group in phenyl from a hydrogen atom to electron-withdrawing group and enhance the systemic of molecule by changing the spatial configuration of molecule as little as possible.
On the other hand, fungicidal results and the crystal structure of 9a (Figure 2) showed that the carbonyl oxygen moiety of the toxophore with other atoms formed a non-planar pseudo ring C (O3/C19/N3/C16/C11/C10/H10A). According to published crystal structures of the cytochrome bc1 enzyme complex and co-crystallization of the bovine heart enzyme with different Qo inhibitors, 13 the carbonyl oxygen moiety in oxazolidin-2-one ring couldn't bind to the amide group of glutamine with a hydrogen bond, so the fungicidal activity is mediocre. The structure-fungicidal activity relationships showed a rule of key point on the design of new compounds that avoid form an intramolecular pseudo ring containing active fungicidal group in molecular structure.
Conclusion
In conclusion, we have demonstrated the molecular design, synthesis, and fungicidal activities of a series of new type oxazolidin-2-one derivatives containing N-substituted phenyl 2H-pyrazol ring, and the crystal structure of the compound 3-(2-((1-phenyl-2H-pyrazol-3-yloxy)methyl)phenyl)oxazolidin-2-one (9a) was determined by single crystal X-ray diffraction analysis. The preliminary bioassay showed that some of the N-substituted phenyl 2H-pyrazol oxazolidin-2-one derivatives(9a-9l) exhibited potential in vivo fungicidal activities against M. grisea at the dosage of 1 g L -1
. The relationship between fungicidal activities and core structure showed that active fungicidal group formed intramolecular hydrogen bond in molecular structure. Expecting to find some new type strobilurin fungicides with high activities and low toxicities, further structural optimization and fungicidal activities about the oxazolidinone analogues are well under way.
